ABSTRACT-A survey of Neoheterobothrium hirame infection of Japanese flounder Paralichthys olivaceus in several places in Japan (Kyoto, Fukui and Ibaraki) was conducted to examine the rela tionship between the development of the parasite and its microhabitats.
In recent years, the monogenean Neoheterobo thrium hirame has been reported widely in Japanese waters (Ogawa, 1999) . The blood-feeding habit of the parasite may be one cause of anemia found in many Japanese flounder.
Even though Miwa and Inouye (1999) suspected that virus-like particles found in the hematopoietic tissue of the kidney and spleen of affected fish are associated with the anemia, no definitive conclu sion was reached on the cause. On the other hand, Yoshinaga et al. (2000a) gave substantial data indicating that hematophagia by this monogenean parasite was the cause of anemia of the affected fish.
In order to obtain a better understanding of the nature of N. hirame infection, more studies are needed on the biology, ecology and pathology of the parasite. Only a few studies have been conducted so far on the biology of the parasite.
For instance, Yoshinaga et al. (2000b) studied egg hatching and Ogawa (1999) 
Materials and Methods

Host fish
The host fish, Japanese flounder Paralichthys olivaceus, were collected from various localities in Japan: Fukui (wild fish, 29.3-37.5 cm in total length, n = 12), Kyoto (wild fish, 29.0 -79.2 cm, n = 13), Ibaraki (wild fish, 35.2-61.3 cm, n = 6) and Shimane Prefecture (cultured fish, 30.0-33.7 cm, n = 2). Flounders from Fukui and Kyoto and 3 fish from Ibaraki were used for analyses of the growth and development of the parasite, of the parasite is presented in Fig.  1C . There was a strong correlation between body size and the degree of maturity (Spearman's rank correlation coefficient: rs = 0.89, n = 112, P < 0.01). The size of adult parasites (stage VI) ranged from 5.6 mm to 32.9 mm, while those of stage V ranged from 2.4 mm to 8.6 mm, indicating that the parasite keeps growing after maturation.
Modes of attachment
The mode of attachment of N. hirame in the different microhabitats is shown in Fig. 2 . Initially, the parasite was found between the secondary gill lamellae, attaching to the proximal region of the lamellae with marginal hooks and hamuli ( Fig. 2A) . Later, the clamps became the functional attachment organs, and the parasite moved to the middle region of the secondary gill lamellae (Fig. 2B) . As it grew, the parasite was more frequently observed attached to the proximal region of the secondary lamellae (Fig. 2C) . Each clamp held a single secondary lamella and folded it in the middle ( Fig. 2B &  C) . Possibly the blood flow in the grasped region of the lamellae was obstructed (Fig. 2C ), but no clear tissue reaction was observed. After the parasite left the gill filaments, it attached to the gill arches/rakers by the clamps and caused some abnormalities to the tissues (Fig. 2D) ; the grasped region was mechanically raised, and mild hyperplasia of the epithelium and infiltration of the epithelium by inflammatory cells were observed. When it moved to the buccal cavity wall, its clamps first destroyed the epidermis (Fig. 2E ) and grasped the dermis (Fig. 2E & F) . The epidermis around the parasite was irregularly hyperplastic, and the surface of the eroded dermis was necrotic (Fig. 2F) . Possibly the K L Fig.  2 of Neoheterobothrium hirame 25 necrotic tissue disintegrated sooner or later, and the clamps came to grasp deeper tissues. Gradually, the haptor became embedded deeply in the tissue (Fig. 2G) , whereas the body proper was always exposed outside the host tissue. Consequently, the isthmus (stalk join ing haptor and body) became much elongated as the parasite grew. The parasite often aggregated to form clusters of parasites.
In some cases when the infection level was high, more than 40 parasites aggregated in the microhabitat (Fig. 2G) . The clamps grasped eroded muscle tissue, where marked infiltration of inflammatory cells and fibroblasts as well as necrosis of the tissue around the clamps was observed (Fig. 2H) . Finally, the tissue surrounding the posterior part of the parasite became extensively necrotic and degenerate (Fig. 2H &  I) . The clamps could not grasp the connective and/or muscle tissue firmly any longer (Fig. 21) .
In the case of Z. japonica infecting the gills of S. dumerili, recently settled parasites also attached to the proximal region of the secondary gill lamellae with mar ginal hooks and hamuli (Fig. 2K ). As they grew, they moved distally and each clamp grasped one or two sec ondary lamellae leaving the grasped lamellae relatively straight (Fig. 2L) . No host reaction was evident throughout the developmental stages.
Discussion
Neoheterobothrium hirame was first described in 1999 from the buccal cavity wall of Japanese flounder Paralichthys olivaceus (see Ogawa, 1999) . The other seven species of Neoheterobothrium have all been described from flatfish of the Pleuronectiformes (Piasecki et al., 2000) . Unfortunately, no data on the parasite biology are available for comparison with that of N. hirame.
Since most diclidophorid monogeneans spend their entire lives on the gill filaments, the migration behavior of N. hirame to the gill arches/rakers and then to the buccal cavity wall is exceptional.
There are other polyopisthocotyleans that migrate from their original habitat during their development: Callorhynchicola multitesticulatus infecting the holocephalan Callor hynchus milii (see Llewellyn and Simmons, 1984) and Heterobothrium elongatum infecting the tetraodontid Torquigener pleurogramma (see Williams and Lethbridge, 1990) . After reaching the gills, subsequent movements of these parasites differ from those of N. hirame. Callorhynchicola multitesticulatus initially occu pies the secondary gill lamellae, and later attaches sub cutaneously in the septal canal or between the primary gill lamellae of the host. Young specimens of H. elongatum are also found on the secondary gill lamellae and later attach subcutaneously to the gill arches of the host. Thus, both species change their habitat when they became adult, but they do not leave the gills. On the other hand, Heterobothrium okamotoi infecting tiger puffer Takifugu rubripes (see Ogawa and Inouye, 1997 b,c; Ogawa, 1999) shows more similarities with N. hirame than these 2 species.
Early growth takes place on the gill filaments and continues on the buccal cavity wall.
The migration of N. hirame is associated with growth and maturity of the parasite. Parasite remained on the gill filaments until stage IV or V, when all 4 pairs of clamps were present and the reproductive organs started to develop. Adult parasites were never found on the gill filaments, but some parasites on the gill rakers showed vitellogenesis and thus were considered adult. However, it is unlikely that adults on the gill arches/rakers could reproduce successfully, since vitel logenesis was at an early stage in these parasites and fully developed eggs were never found in the uterus. The parasite moved to the buccal cavity wall when it reached stages V and VI. Similarly, H. okamotoi becomes fully mature and produces eggs only after migration to the branchial cavity wall of the host (Ogawa and Inouye, 1997a) .
Parasites already established on the buccal cavity wall may provide a suitable foothold for those that follow. It was often observed that young adults of H. okamotoi attached themselves to the body of large adults on the branchial cavity wall of tiger puffer (K. O., unpublished observation), suggesting that young para sites may use adults as "target" for their migration from the gills. This will lead to aggregation of parasites on the buccal cavity wall and may increase opportunities for mating. This is consistent with the hypothesis that niche restriction may serve to increases the opportuni ties for mating (Rohde, 1993) . Ogawa and Inouye (1997b) assumed that H. okamotoi continues to suck blood from the gills of tiger puffer even after its migration to the branchial cavity wall. This may also be true for N. hirame, but if so it is likely that the parasite always sucks blood from the gill filaments, since there is no physical evidence of blood sucking on the gill arches/rakers or the lining of the buc cal cavity.
The mode of attachment of N. hirame on the gill fila ments is slightly different from those of Diclidophora spp.
(see Llewellyn, 1958) , H. okamotoi (see M. Nakane, unpublished data) and the heteraxinid Z. japonica infect ing amberjack.
Even though the newly attached larvae of these species initially settle on the proximal region of the secondary gill lamellae, differences in habitat prefer ence appear as they grow. Neoheterobothrium hirame moves to the middle region of the secondary gill lamellae when the clamps take over for attachment.
Each clamp grasps a single secondary lamella and folds it in the middle. On the other hand, H. okamotoi changes its attachment sites from the proximal to the distal region of the secondary gill lamellae and remains there, grasping one to three lamellae (M. Nakane, unpublished data).
Zeuxapta japonica behaves similarly and so do Diclidophora spp. (see Llewellyn, 1958) . Both species grasp one or two lamellae at their distal ends (see Llewellyn, 1958 for Diclodophora spp.). 
